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Growth factors regulate proliferation and differentiation of cells and
play important role as tools in tissue engineering. Particular emphasis
has been put on the application of heparin as component of surface
coatings and tissue engineering scaffolds to produce systems for con-
trolled release of growth factors with heparin binding domains like
FGF, VEGF and BMP. However, heparin is not an ideal material due to
the variability of its sulfate content, molecular weight and bioactivity.
Here we present novel derivatives of cellulose and chitosan that possess
bioactivity comparable or greater than that of heparin with ﬁrst insights
into the mechanism of their bioactivity. Cellulose and chitosan were
chemically modiﬁed to obtain derivatives that differ in the degree and
substitutions site of sulfates and partly also carboxylates. The chemical
structure and derivatisation degree was studied with Raman and NMR
spectroscopy. Studies with the growth factors FGF-2 that possesses not
only mitogenic but also moderate angiogenic effect and 3T3 ﬁbroblasts
revealed that the binding and mitogenic activity of derivatives was
enhanced with increasing sulfate content. The introduction of carbox-
ylic groups to the O-6-position of glucose in analogy to heparin was
not effective. Further studies with BMP-2 demonstrated an osteogenic
activity of derivatives with a maximum at intermediate sulfation
degree, which was evident by the alkaline phosphatase activity of
C2C12 mouse myoblast cell line and expression of osteogenic genes.
Studies on the mechanism of action of derivatives vs. FGF-2 revealed
that particularly a protection from proteolytic digestion seem to pro-
long activity of growth factors. Since all assays described above were
solution based further studies were carried testing whether cellulose
sulfates can be used as bioactive surface coatings. Cellulose sulfates
with high bioactivity were selected and used to form multilayers with
chitosan using the layer-by-layer technique. It was found that interme-
diate sulfated cellulose sulfates were particularly effective because a
long-term release was detected. Overall, the novel derivatives seem to
be suitable for construction of bioactive surface coatings or tissue engi-
neering scaffolds promoting angiogenesis and bone formation.
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Periodontitis is a prevalent gram negative infection disease that causes
the destruction of the tooth supportive tissues. Effective treatment of
periodontal disease is important, since periodontal disease is correlated
with several systemic diseases. However, adult periodontal tissues have
a low potential of self-renewing and regeneration. Concerted efforts
have been made to accelerate periodontal tissue regeneration, using a
plethora of techniques including grafting materials, signalling mole-
cules and cell-based tissue engineering. Nevertheless, a strategy for
predictable reconstruction of normal structure and functionality of peri-
odontal damaged tissue is still missing. In this work, we propose the
development of a bilayered system for the regeneration of alveolar
bone and periodontal ligament. This system consists of a bilayered
composite made of calcium phosphate (CaP) cement incorporating
hyaluronic acid microspheres loaded with Platelet Lysates (PL) and a
hydrogel layer based on PL, harbouring mesenchymal stem cells
(MSCs). The advantage of this strategy lies in the ability to develop a
system that can be easily injected and which provides adequate
mechanical support, both initially and during new tissue ingrowth.
After the degradation of the HA microspheres incorporated in the CaP
cement, a fully interconnected network can be created, which leads to
rapid penetration of bone-forming cells into the CaP cement. Addition-
ally, the distinct degradation rates of the components of the bilayered
system allow a controlled release of the entrapped growth factors and
further accelerate the periodontal tissues remodelling process, mimick-
ing the physiologic wound healing process. The data collected suggests
that it is possible to fabricate the cement composite layer incorporating
PL from which a number of growth factors are released in a controlled
manner. Moreover, the cement composites incorporating HA micro-
spheres loaded with PL show low cytotoxic values and induce the
expression of early markers of osteogenic differentiation in human adi-
pose-derived stem cells (hACS).
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